Abstract: In order to study the effect of composite clays on the mechanical properties, water absorption and salt tolerance of a hydrogel, a poly(acrylic acid-co-acrylamide)/bentonite/kaolin composite hydrogel was prepared. Acrylic acid and acrylamide have been used as water absorbent monomers. N,N′-methylene bisacrylamide was used as a crosslinking agent while potassium persulfate was used as an initiator. The water preserving capability, repeated water absorption, salt resistance and the mechanical properties of the composite hydrogel are analyzed and discussed. The results show that a small quantity of bentonite can increase the storage modulus of the composite hydrogel, whereas the excess clay had an unfavorable effect on the mechanical strength of the composite hydrogel. Both bentonite and kaolin significantly improved the water preserving capability, repeated water absorption and salt resistance of the composite hydrogel. Optimum values for the amounts of bentonite and kaolin were found to be 10% and 5%, respectively.
Introduction
Super absorbent polymers (SAP) are a new type of functional polymer material which have a three-dimensional network structure and a strong water absorbing capability. These have widely been used in different areas. Some of the applications of SAPs include personal care products (1), agricultural water retaining agents (2, 3) , flame retardants for self-ignition of coal and sulfide ore (4), packaging materials (5) , oil extraction (6-10), heavy metal absorbents (11, 12) , and drug release carriers (13, 14) . Poly(acrylic acid) hydrogels have are used widely due to their high water absorption and low cost. However, this kind of SAP usually has low salt resistance and slow water absorption rate. Additionally, after water absorption it shows inferior gel strength, dispersion and elastic properties (15) . These drawbacks have highly restricted the product quality and the application areas of this kind of SAP. To improve the properties of such SAP material, researchers have used methods such as the formation of interpenetrating networks (15) and compounding with inorganic clays (14) . Such methods help to improve the mechanical properties of the hydrogels. Adding inorganic clay is a relatively effective method to improve the properties of this type of hydrogel (16) (17) (18) (19) . Montmorillonite (20) , attapulgite (21, 22) , kaolin (23) and mica (24) have commonly been used to modify high water absorbing hydrogel. The results have shown that the addition of appropriate amounts of inorganic clays could improve the mechanical strength and water absorbing capability of the hydrogel (14) . Kabiri et al. prepared a composite hydrogel by the addition of kaolin. The hydrogel rapidly absorbed water and had high strength (25) . Zhang et al. prepared a hydrogel using acrylic acid, 2-acrylamide-2-methylpropyl sodium sulfonate and modified montmorillonite (26) . The gel prepared by these researchers showed improved salt resistance and strength. Xia et al. synthesized a claypolymer hydrogel by in-situ polymerization of poly(N-isopropylacrylamide) (NIPAAM) in an aqueous solution of Na-montmorillonite layered silicates (Na-MLS) (27) . The gel strength was characterized by a parallel plate rheometer. The results showed that after an initial decrease, the gel strength increased with an increase in Na-MLS concentration. In 2003, Zhang et al. used an inverse suspension method to synthesize a poly(acrylic acid)/kaolin composite hydrogel which had a high water absorbing capability (28) . Their research showed that in comparison to a gel without kaolin, the addition of 5-10% kaolin in the composite hydrogel increased its water absorbing ratio by 20% and the water preserving capability by 25%. Qiu et al. first modified montmorillonite by adding carboxymethyl cellulose and then co-polymerized it with acrylic acid (29) . Their results showed that the addition of modified montmorillonite not only increased the water absorbing ratio, but also improved the water preserving capability of the gel.
Bentonite is a clay mineral with montmorillonite as the major component. Its 2 : 1 crystal structure consists of two layers of oxygen-silicon tetrahedron with one layer of alumina octahedral sheet in between. This clay has good expansion, absorption and caking properties (30) . Kaolin is a type of clay with kaolinite as the major component. It has relatively high plasticity and caking properties (23) . It is easily dispersed in water and has good fire resistance. Much research has recently reported composite hydrogels prepared with bentonite and kaolin (25) (26) (27) (28) (29) (30) . Studies have shown that bentonite and kaolin produce different effects on composite hydrogels. Kaolin significantly increases the tensile strength and mechanical properties of composite gels (23) , while bentonite significantly increases their water absorption capacity (30) . To date, most studies have focused on the effects of one specific type of clay on the performance of gels. However, it is unclear how the performance of a hydrogel changes when two different types of clay are added simultaneously and whether two different types of gels can be synergistically applied to good effect.
Therefore, the present study used bentonite and kaolin as the inorganic filling materials, acrylic acid and acrylamide as the water absorbent monomer, N,N′-methylene bisacrylamide (MBA) as the crosslinking agent and potassium persulfate (KPS) as the initiator to prepare a bentonite/kaolin/acrylic acid-co-acrylamide composite hydrogel. The impacts of concentrations of initiator, crosslinking agent, kaolin and bentonite on the water absorption ability of the hydrogel have been studied. Further, the impacts of the neutralization degree of acrylic acid and those of the reaction temperature on the ability of hydrogel to absorb water were also studied. The thermal stability, water preserving capability, repeated water absorption and salt resistance of composite hydrogel were analyzed. The micro-morphology and the chemical structure of the gel were also investigated. The results helped in providing significant technical support for the engineering applications of this type of hydrogel.
Experimental

Materials
Acrylic acid (chemically pure, Kermel Chemreagent, Co., Ltd., Tianjin, China) was distilled under reduced pressure before use. Acrylamide (chemically pure, Fuchen Chemical Co., Ltd., Tianjin, China) was used as purchased. Bentonite (chemically pure, Trial Four Hervey Chemical Co., Ltd., Shanghai, China) and kaolin (chemically pure, Fuchen Chemical Co., Ltd., Tianjin, China) were milled through a 300-mesh screen. These were then dried at 105°C for 20 h prior to use. Potassium persulfate (KPS, analytical grade, Kermel Chemreagent, Co., Ltd., Tianjin, China) was recrystallized from water. N,N′-methylene bisacrylamide (MBA, chemically pure, Shanghai Chemical Reagent Factory, Shanghai, China) was used as purchased. Sodium hydroxide (analytical grade), surfactant (Span 60, sorbitan monostearate), sodium chloride (analytical grade), calcium chloride (analytical grade) and aluminium chloride (analytical grade) were purchased from Tianjin Kermel Chemical Reagent Co., Ltd., Tianjin, China and were used as purchased.
Preparation of the hydrogel
The experimental conditions for the preparation of composite hydrogels are shown in Table 1 . A number of samples with different amounts of initiator, crosslinking agent, acrylamide, kaolin and bentonite were prepared at different reaction temperatures with varying neutralization degrees of acrylic acid by the following procedure. Acrylic acid was titrated at room temperature by using a 25 wt% solution of NaOH. The solution was continuously stirred during the addition of NaOH. The stirring was continued until the neutralization degree of the acrylic acid reached a constant value. The neutralized acrylic acid, acrylamide, kaolin, bentonite and surfactant (Span 60) were successively added in a 500 ml four-neck flask, which was equipped with a magnetic stirrer, a thermometer and a nitrogen line. Under nitrogen atmosphere, the crosslinking agent (MBA) and initiator (KPS) were added to the above mixture solution. The mixed solution was stirred at room temperature for 30 min and then, was heated slowly to a constant final value while being stirred. The temperature was maintained at this final value for 1 h. After the completion of the reaction, the product was washed several times with deionized water, cut and dried in an oven at 120°C until a dry powder with a constant weight was obtained. The powder was ground and screened through a 100-mesh sieve.
In the experiment (Table 1) , the specific mass ratio of acrylamide over acrylic acid is 35-50%; the specific mass ratio of added kaolin over acrylic acid is 0-20%; the specific mass ratio of bentonite over acrylic acid is 0-20%; the specific mass ratio of added MBA over acrylic acid is 0.05-0.3%; the specific mass ratio of added KPS over acrylic acid is 0.1-0.35%. The concentration of each component was based on acrylic acid.
Preparation and swelling properties of poly(acrylic acid-co-acrylamide) composite hydrogels
Testing and characterization of hydrogel 2.3.1 Water absorption (Q) of hydrogel
A total of 0.2 g of the prepared dry gel powder was weighed and transferred to a nylon bag. The bag was immersed in deionized water (pH = 6.7) and was taken out after a certain time. When the equilibrium swelling was reached, the residual water was filtered and removed using a 100-mesh standard sieve. After the swelling, the mass of the hydrogel was determined. The water absorption ratio (Q, g/g) can be calculated according to the following equation:
where W 2 is the weight of the dry gel (in g) while W 1 is the weight (in g) of the gel after water absorption.
FTIR analysis of the hydrogel
The hydrogel was dried and ground to a powder form. A sample was prepared using a KBr tablet and was analyzed by using a TENSOR27 FTIR spectrometer (Bruker, Karlsruhe, German).
Water preserving capability of the composite hydrogel
A total of 8-10 mg of the composite hydrogel was taken and its water preserving capability was measured using thermogravimetric analysis (TGA). Temperature was increased from 25°C to 150°C at a rate of 3°C/min to measure the residual weight of the hydrogel at different temperatures.
TGA measurement of the dry gel
A total of 8-10 mg of the dry composite hydrogel was taken. thermal gravity analysis (TG)/differential thermal gravity (DTG) testing was conducted using an STA409C131F thermogravimetric analyzer (TGA, NETZSCH Company, Bavarian State, Germany) in a temperature range of 30°C-600°C. The heating rate was kept constant at 5°C.
Scanning electron microscopy (SEM) analysis of the composite hydrogel
The hydrogel was freeze-dried in a vacuum freeze drier (starting conditions: - 40°C, atmospheric pressure, 48 h. After 48 h: - 70°C, 10 Pa, 48 h). The freeze-dried gel sample was broken in a liquid nitrogen environment. Its fracture section was observed by using SEM (Quanta 250, FEI Company, Hillsboro, USA).
X-ray diffraction (XRD) characterization of the composite hydrogel
The freeze-dried gel sample was ground into a fine powder. The dried powder was analyzed by using an X-ray diffractometer (Rigaku DMAX-2000, Tokyo, Japan), which used a copper target ray to get the diffraction spectra. The conditions set were: Cu Ka emission wavelength λ = 1.54056 Å, scanning speed 1°/min, 2θ scanning range 1-15°.
Repeated water absorption analysis of the composite hydrogel
A certain amount of the composite hydrogel was immersed in deionized water at room temperature. The gel was kept immersed in deionized water until it reached equilibrium water absorption. The water saturated gel sample was dried at 90°C until the weight achieved a constant value. Then the dried sample was immersed in deionized water at room temperature until it reached swelling equilibrium.
The "swelling-de-swelling-swelling" cycle was repeated multiple times. For studying the repeated water absorption of the composite hydrogel, an index called the gel water absorption recovery ratio (r) has been introduced in the current study. The water absorption recovery ratio (r) is defined as: r (dried "n" times) = water absorptivity after drying "n" times/initial water absorptivity.
Rheology testing of composite hydrogel
The saturated hydrogels were analyzed using a rheology meter (Anton Paar, Ashland, VA, USA, Phisical MCR 302). The water saturated composite hydrogel was placed on the rheometer test bench and the rheological factors such as G′, G and tan δ were tested. The clamp was a parallel plate rotor with a diameter of 50 mm. The clipper seam was 0.5 mm. The deformation was 2% and the frequency was 0.1 Hz (26).
Results and discussion
Effect of different factors on water absorption of hydrogel
The effect of concentration of initiator on the Q value of hydrogel is shown in Figure 1A . It is seen that as the amount of initiator increased, the hydrogel's Q value initially increased and then started to decrease. The hydrogel had the highest Q value at an initiator concentration of 0.25%. When the amount of initiator is low, the corresponding amount of the formed radicals in the reaction system is low. Under such conditions, the networking reactions among chemical species are not conducive to form the three-dimensional network of water absorbent resin. However, with an increase in the amount of the initiator, a large amount of monomer radicals are generated. The reaction is sped up and hence, the Q value of the hydrogel is increased. It should be noted that an excess amount of initiator will increase the network density among the materials and hence, will lead to smaller pores and decreased Q value for the hydrogel (20) . The effect of the concentration of crosslinking agent on the hydrogel's Q value is shown in Figure 1B . It is seen that as the amount of MBA increased, the Q value of the hydrogel initially increased and then started to decrease.
The hydrogel showed the highest Q value for a crosslinking agent concentration of 0.1%. When the amount of crosslinking agent is low, the networking degree of the hydrogel is too low to form a three-dimensional network. Due to this reason, a polymer which has relatively high water solubility is formed. However, the strength and the water absorption ability of the hydrogel are low. When the amount of crosslinking agent is high, the network density increases. An increased network density leads to an excessive dense network and hence, lowers the water absorption ability of the hydrogel.
The effect of the concentration of the acrylamide on the Q value of the hydrogel is shown in Figure 1C . It is seen that with an increase in the amount of the acrylamide, the hydrogel's Q value gradually increased. The hydrogel had the highest Q value at an acrylamide concentration of 55%. This because that the ratio hydrophilic polymer/inorganic compounds increases as AM is added (31) . The effect of the concentration of clay on the Q value of the hydrogel is shown in Figure 1D . It is seen that with an increase in the amount of bentonite, the Q value of the hydrogel initially increased and then started to decrease. The hydrogel had the highest Q value at a bentonite concentration of 10%. As described in a previous study, bentonite in a network acts as an additional network point (31) . At suitable bentonite concentrations, the crosslinking density of the superabsorbent composite either does not change or changes only slightly, giving superabsorbent composite enough space to absorb and hold water molecules. However, when the bentonite is present in excess, the networking degree becomes too high. Water penetration into the bulk becomes difficult and therefore, is only absorbed on the surface. Due to this reason, the Q value of the hydrogel is decreased (32) .
The effect of kaolin on hydrogel's Q value is also shown in Figure 1D . It is seen that as the amount of kaolin increased, the Q value of the hydrogel gradually decreased. With an increase in the kaolin content, the physical crosslinking nodes of the hydrogel are increased. The space network becomes too dense. Meanwhile, the Q value of kaolin itself is relatively low. Both of these reasons lead to a lower Q value of the composite hydrogel. Table 2 summarized the effects of two clays on the Q value of the hydrogel. The results showed that the H-29 hydrogel showed the highest Q values in both the deionized water and the 0.9 wt% NaCl solution for a bentonite and kaolin concentrations of 10% and 5%, respectively. The Q values were found to be 494 g/g and 95 g/g, respectively.
The effect of the neutralization degree of the acrylic acid on the hydrogel's Q value is shown in Figure 1E . It is seen that for a neutralization degree of 70% or lower of the acrylic acid, the proportion of the functional groups present on the polymer chains became appropriate in number. Due to the complementary and coordinative effects among the functional groups, the hydrogel's Q value increased. However, when the neutralization degree of the acrylic acid was too large in value, the soluble components in the hydrogel increased and it became soluble in deionized water. This ultimately resulted in a gradual drop in the Q value of the hydrogel. The effect of reaction temperature on the Q value is shown in Figure 1F . It is seen that as the temperature increased, the Q value of the hydrogel initially increased and then started to decrease. The hydrogel had the highest Q value at a temperature of 85°C. At low temperatures, the system had a low initiator decomposition rate which led to low network density. Part of the polymer chain was water soluble and the viscosity of the system was large, resulting in a lower Q value for the gel. At very high reaction temperature, the decomposition rate of initiator was high resulting in a higher crosslinking density. Higher crosslinking density resulted in a denser network structure and a smaller water absorption space. So the Q value of the hydrogel decreased. , 3621 cm − 1 and 3549 cm − 1 (corresponding to the -OH on the surface of bentonite and kaolin) were significantly weakened or disappeared (see Figure 3) . It is suggested that the graft copolymerization between -OH groups on clay (bentonite or kaolin) and monomers (acrylic acid or acrylamide) takes place during the reaction. The synthesis process of gel is shown in Scheme 1.
Fourier transform infrared (FTIR) analysis
XRD analysis
To study the dispersion of clay lamellae in hydrogel, XRD analysis of dry hydrogel with different proportions of raw materials was conducted (see Figure 4) . It was seen that the diffraction peaks of bentonite and kaolin appeared at 2θ = 7.0° which corresponded to the interlamellar spacing of the clay. The diffraction peaks of H-2, H-6 and H-10 composite hydrogel disappeared at 2θ = 7.0° which indicated that the clay had been exfoliated and had uniformly been dispersed in the gel. Meanwhile, when the clay amount was relatively high, the diffraction peaks of H-10 gel were not obvious, which indicated that even a relatively high amount of clay could well be dispersed in hydrogel. Figure 5 shows the micro-structure of different freezedried composite hydrogels by SEM. It is seen that the section of H-1 (AA-AM gel) was relatively compact and had uneven structure. There are a lot of pores on the section of the clay composite hydrogel. The size and the shape of the pores changed with a change of the clay content.
Micro-morphology analysis
When the added amount of bentonite or kaolin reached a value of 5%, the section of H-2 and H-6 gels obtained relatively large pore structure. However, there was a significant morphological difference between the two clay composite gels. The hole diameter of the H-2 gel was significantly larger than that of the H-6 gel. This was due to the reason that kaolin, as a network point, plays a more important role than bentonite in the formation of the composite. In comparison to H-2 (5% bentonite) and H-6 (5% kaolin) gels, addition of 10% bentonite and 5% kaolin increased the hole number of H-29 and decreased its pore size. It was due to the reason that the clay acts as a physical crosslinking agent in the hydrogel. With an increase in clay content, crosslinking density of gel increased, causing an increase in the number of holes and a corresponding decrease in the pore size. These structures favored water absorption ratio of the gel, which is consistent with the water absorption results of the gel (as shown previously in Table 2 ). With an increase in the clay content, the section of H-30 composite hydrogel transformed from a pore structure to a lamellar structure. Haraguchi et al. proposed that the existence of the nanoclay affected the sublimation of ice during freeze-drying, which enables the gel to form layered pore structure (33) . However, the section of H-33 gel was not a lamellar structure, but an uneven structure covered with some pores. This was mainly due to the reason that H-33 gel contained relatively larger amount of kaolin, which played an important role in physical crosslinking, leading to a denser structure with smaller pores.
Thermal stability analysis
The thermogravimetric analysis results of H-1, H-4, H-8 and H-29 hydrogels are shown in Figure 6A . The results showed that the addition of kaolin and bentonite increased the thermal stability of the composite hydrogel. At 600°C, the residual weight percent of H-1 gel (without the addition of clay) was 33.6%. The residual weight percent of H-4 gel (with 15% of bentonite) was 40.2%. The residual weight percent of H-8 gel (with 15% of kaolin) was 40.7% and the residual weight percent of H-29 gel (with 15% of bentonite and 5% of kaolin) was 48.2%. These results indicated that the two clays of bentonite and kaolin are conducive to improve the thermal stability of the materials. Thermal stability improvement for a superabsorbent composite based on clay-poly(sodium acrylate) has previously been reported in the literature (31, 32) . The differential scanning calorimetry (DSC) analysis of the composite hydrogel shown in Figure 6B demonstrates that the endothermic processes of the gel from 30°C to 250°C are caused by the volatilization of free and bound water. As the temperature continues to increase, an exothermic conversion of the gel begins, which signals the thermal decomposition of the gel. The exothermic onset temperatures of clay-containing composite gels were significantly higher than those of single-clay hydrogels. This indicates that the addition two clays is able to significantly enhance the thermal stability of gels because of the shielding effects of clay, which obstruct the transfer of heat and prevent the loss of low-molecular-weight compounds formed by thermal decomposition. Figure 6C showed the water preserving capability of watersaturated gel with the change of temperature. The results showed that with an increase in temperature, the water preserving capability of the hydrogel gradually decreased. Among all gels, the H-1 gel showed the fastest while the H-6 gel showed the slowest water loss rate. Table 3 showed that the water preserving capability of H-1 gel at 80°C was only 30.2%. The water preserving capability of H-2 gel (with 5% of bentonite) was 37.8% which was significantly higher than the H-1 hydrogel. More important is that this H-6 hydrogel "keeps" some water at temperatures above 100°C. This indicated that bentonite and kaolin could significantly improve the water preserving capability of hydrogel. Furthermore, kaolin showed a more obvious water preserving effect. Figure 7 showed the degree of water absorption recovery for different composite hydrogels after the process of "swelling-de-swelling-swelling". The results showed that after the addition of kaolin or bentonite, the water absorption recovery ratio of the composite hydrogel significantly increased compared to the AA-AM gels. After four cycles of "swelling-de-swelling-swelling" process, the water absorption recovery ratio of H-1 gel (AA-AM gel) was only 52%. The water absorption recovery ratio of H-2 gel (with 5% of bentonite) was 73%. The H-29 gel (with 10% of bentonite and 5% of kaolin) showed relatively high water absorption recovery ratio which was found to be 79%. This indicated that appropriate amounts of bentonite and kaolin were helpful in improving the repeated water absorption property of the composite hydrogel. Figure 8 shows the effect of bentonite and kaolin on storage modulus of the water-swollen form of the samples versus angular frequency. The storage modulus values showed an increasing trend with respect to the frequency change. When 5% of bentonite was added, the storage modulus of H-2 hydrogel reached a maximum in all the samples, which was higher than that of the reference hydrogel (H-1). However, when 5% kaolin was added or when both kaolin and bentonite were added, the storage modulus of the hydrogels (H-6, H-10, H-29, H-30) decreased and attained a value which was lower than that of the reference hydrogel (H-1). The storage modulus of the composite hydrogel decreased with an increase of clay content. This is because, smaller quantities of clay played the role of crosslinking sites in gel, resulting in a denser and more stable networking structure, which increases the crosslink density and storage modulus of the gel. However, higher clay content could cause an increase of viscosity in the reaction mixture, thus decreasing the probability of collisions between the monomers and the crosslinker which could initiate the growth of the polymer chain. Hence, at higher clay content, inhibiting role of clay to the polymerization progress dominates and leads to a decreased crosslink density, which in turn decreases the storage modulus (34).
Water preserving capability of composite hydrogel
Repeated water absorption of composite hydrogel
Rheological properties of composite hydrogel
Salt resistance of composite hydrogel
SAPs are usually used in salt containing environments. The water absorption of hydrogel is significantly affected by the salt. Therefore, the salt resistance is an important indicator to measure the effectiveness of SAP materials. To characterize the salt resistance of the composite hydrogel, a non-dimensional factor (f ) was introduced in the present study. This non-dimensional factor (f ) is defined as the ratio of water absorption ratio of hydrogel in NaCl solution to the water absorption ratio of hydrogel in deionized water. Table 4 showed f values of H-1, H-2, H-6, H-10, and H-29 hydrogel samples in different concentrations of NaCl solutions. The results showed that the f values of these five hydrogels followed the order:
f(H-1) < f(H-2) < f(H-6) < f(H-10) < f(H-29).
Bentonite and kaolin were introduced to the composite hydrogels which are not sensitive to salt. From Table 4 , we might conclude that the presence of kaolin is the crucial factor (compare H-1 with H-6), while the effect of bentonite is marginal (compare H-1 with H-2, or H-6, H-10 and H-29). Qi et al. also suggested a similar conclusion (29).
3.10
The effect of salt solution on the water absorption of composite hydrogel Figure 9 shows the effect of different salt solutions on the Q value of H-29 hydrogel. The Q value of the hydrogel decreased with an increase in the concentration of the salt solution. The Q value decreased more obviously when a high oxidative state salt solution (e.g. CaCl 2 ) was used. According to the Flory equation, the ionic strength of the solution depends on both the concentration and the charge of each individual ion. In fact the presence of ions in the solution decreases the osmotic pressure difference, the driving force for swelling, between the gel and the solution. The existence of the high oxidative state cation resulted in ion aggregation in the hydrogel's interior (Ca and Al ions are known to form compact "complexes" with sodium polyacrylate). It led to the increase of the network density inside the hydrogel, which resulted in a significant reduction of Q value of the hydrogel in high oxidative state salt solution.
Conclusions
Bentonite, kaolin, acrylic acid and acrylamide have been used as raw materials while N,N′-methylene bisacrylamide has been used as a crosslinking agent to prepare a novel bentonite/kaolin/acrylic acid-acrylamide composite hydrogel. Appropriate amounts of bentonite and kaolin could lead to an increase of pores on the hydrogel sections, while the excess amount of clay led to a lamellar structure on the sections. The mixed use of bentonite and kaolin could effectively improve the thermal stability, water preserving capability and repeated water absorption of the composite hydrogel. A comprehensive comparison showed that the H-29 composite hydrogel containing 10% bentonite and 5% kaolin exhibited higher water absorption rates (494 g/g), higher repeated water absorbency (79%), improved salt resistance (f = 0.62), and lower production costs as compared with gels that only contain 15% bentonite (H-4 gel) or 15% kaolin (H-8 gel). These results show that the addition of a mixture of two different clays to form hydrogels enhances the overall performance of the gels, which may encourage their widespread use in the fields of agriculture, gardening, and fire control.
